We show here that a zebra®sh orthologue of the Thyroid Transcription Factor-1 (TTF-1), nk2.1a, is expressed in the developing thyroid gland. Using a fate mapping approach we found that an early nk2.1a expression domain in the endoderm adjacent to the heart follows morphogenetic movements of the lower jaw, ending up in the region in which the mature thyroid gland is located. We therefore suggest that nk2.1a labels the thyroid precursor cells from somitogenesis stages onwards. q
Thyroid Transcription Factor-1 (TTF-1), also known as nkx2.1, Titf-1 or T/ebp, is a homeobox gene expressed in the ventral forebrain, the thyroid gland and the lung in higher vertebrates (Lazzaro et al., 1991; Kimura et al., 1996; Pera and Kessel, 1998) . A loss of function mutation in mice has shown that TTF-1/nkx2.1 is required for embryonic development of the brain and lung, as well as the thyroid gland (Kimura et al., 1996) .
The anlage of the thyroid is a pouch that buds from the pharyngeal endoderm in the ventral midline of the second branchial arch in vertebrates (Noden, 1991; Walker and Liem, 1994) . However, little is known about the early development of the thyroid in ®sh, and the early expression of nkx2.1 in the anlage of the thyroid in mouse and chicken has not been described in detail. In the present paper, we show that an early endodermal site of expression of the zebra®sh nkx2.1 orthologue nk2.1a corresponds to the early thyroid anlage.
The cDNA of zebra®sh nk2.1a as assembled from different RACE clones is 1237 bp long, with the longest open reading frame coding for 307 amino acids. A similarity tree showing the relationship of various nk2-like genes con®rms that the zebra®sh gene is an orthologue to the nkx2.1 genes in other chordates and belongs to a distinct family that is separated from nk2.2 and other nk2-like genes (Fig. 1) .
Expression of nk2.1a in zebra®sh starts at early somitogenesis in the ventral diencephalic hypothalamus, where expression continues throughout further development ( Fig.  2 and data not shown). At 24 hpf, an additional site of expression appears in a restricted patch of endodermal cells in the midline adjacent to the heart tube ( Fig. 2A,B) . The accession numbers are: TTF-1 dog X77910, TTF-1 human NM_003317, nkx2.1 chicken AJ223618, nk2.1 Amphioxus AF077840, nkx2.2 mouse U31566, nk2.2 zebra®sh X85977, nk2.2 Amphioxus AF032999, nk2.3 zebra®sh U66571, nk2.5 zebra®sh U66572, nk2.7 zebra®sh U66573. The novel zebra®sh nk2.1a gene is boxed. The tree is based on an alignment of the amino acid sequences performed with CLUSTAL W. The tree has been generated using the maximum likelihood method/puzzle (Strimmer and von Haeseler, 1996) .
This domain appears to move anteriorly ( Fig. 2C ) with the consequence that the distance between the eye and the expression domain decreases considerably over time (Fig. 2A, C, D) . Around 40 hpf the expressing cells form a small evagination or bud ( Fig. 2D ) that continues to move anteriorly eventually coming to lie between the mouth and the edge of the yolk above the heart (Fig. 2E ). Within this area at the base of the lower jaw, the bud lies adjacent to the interface of the ®rst and second aortic arch at 50 hpf (Fig.  2F ). The position of the nk2.1a-expressing bud at the midline of the pharynx suggests that it is the primordium of the thyroid gland. This is supported by expression of the zebra®sh hex gene (Ho et al., 1999) , which is localized to the same structure in 32 hpf embryos (data not shown). Orthologues of hex are known to be expressed in the developing thyroid in mouse and chicken (Keng et al., 1998; Thomas et al., 1998; Yatskievych et al., 1999) .
To determine whether the early endodermal nk2.1a domain at 24 hpf corresponds to the thyroid anlage, we ®rst compared the nk2.1a domain with other landmarks. An antibody against tyrosine hydroxylase (TH) detects a groups of bilateral cells from about 20 somite stage onwards in the heart area (arch associated cells, aac; (Guo et al., 1999) ). In double stainings the aac are located lateral to the midline site of endodermal nk2.1a expression from the onset of its expression (24 hpf, Fig. 3A) . The aac continue to lie in the vicinity of the thyroid and the heart at later stages (72 hpf, Fig. 3B ) following the same morphogenetic movements as the presumptive thyroid as the jaw develops.
To determine whether endodermal cells in the vicinity of the heart at 24 hpf contribute to the thyroid we photoacti- vated caged¯uorescein in this region (Kozlowski et al., 1997) and followed the fate of the¯uorescent cells at 60 hpf. A portion of the endoderm in the position of the nk2.1a expression domain was identi®ed in living 24 hpf embryos using the heart and the anterior border of the hindbrain vesicle as landmarks along the anterior-posterior axis and the notochord as a landmark for the midline (Fig. 3C,D) . After dye photoactivation in this region, we tracked cells in the pharyngeal endoderm as the jaws developed. In most cases (20 out of 23, Fig. 3F,G) , cells were included in the presumptive thyroid forming area around the branch of the ®rst and second aortic arch. We never found labelled cells in any other position except for some super®cial cells posterior to the eyes, that were inadvertently labelled in non-endodermal cells during photouncaging. These data strongly suggest that the endodermal cells that express nk2.1a at 24 hpf undergo a morphogenetic movement towards the forming mouth, with nk2.1a labelling an area that corresponds to or includes the precursors of the thyroid.
Experimental procedures
A PCR fragment was obtained from mixed cDNA of various embryonic stages as template with the degenerate primers 5 H -cacgcIcaggtnttygaryt-3 H (I inosin) and 5 Httctgraaccadatyttnac-3
H that recognize parts of the homeobox. The full sequence was obtained by RACE-PCR using the Marathon RACE kit (Clontech), resulting in two overlapping clones covering the whole open reading frame (length 754 and 554 bp, respectively). The sequences have been submitted to Genbank under the accession numbers AF253054 and AF253055.
In situ hybridizations using both RACE-PCR fragments as probes were performed according to standard procedures with modi®cations described elsewhere (Rohr et al., 1999) . The antibody against TH is commercially available (Chemicon) and was used as described (Guo et al., 1999) .
For fate mapping, embryos were injected with caged uorescein (Molecular Probes) at one cell stage. Photoactivation of¯uorescent dye was performed at around 24 hpf as described (Kozlowski et al., 1997) , but using a UV nitrogen pulsed laser (Micropoint laser, Laser Sciences). DIC Nomarski and¯uorescent images were acquired using Openlab software (Improvision) with a cooled CCD camera (Hamamatsu) attached to an Axioplan microscope (Zeiss).
